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RESEARCH MEMORANDUM

FRELIMINARY EVALUATION COF TURBINE PERFORMANCE WITH VARTABLE-
AREA TURBINE NOZZLES IN A TURBOJET ENGINE

By Carl E. Campbell and Henry J. Welna
SUMMARY

The performance of a two-stage turblne with veriable-area first-
stage turbine nozzles was determined in the NACA Lewis altitude wind
tunnel over a range of simulated altitudes from 15,000 to 44,000 feet
and engine speeds from 50 to 100 percent of rated speed. The veriable-
area turbine nozzles used in this investigation were primarily a test
device for compressor research purposes and were not necessarily of
optimim aerodynamic design. The results of this investigation are indica-
tive of effects of turbine-nozzle-area variation on turbine performance
within the operating range ellowed by the engine. The variable-area
turbine nozzles were found to be mechanically reliable and to have negli-
gible leskage losses. Increasing the turbine-nozzle-throat area from
1.15 to 1.67 square feet lncreased the corrected turbine gas flow or
effective turbine nozzle area about 10 percent. At a given corrected
turbine speed and turbline pressure ratio, changing the turbine nozzle
ares from 1.30 to 1.67 square feet lowered the turbine efficiency

3 or 4 percent. The effect of increasing the turbine nozzle area from
1.15 to 1.87 square feet (decreasing the turning angle about 7%9) would

be to lower the turbine efficiency about 5 or & percent.

INTRODUCTION

Analyses such as that given in reference 1 indicate the performance
and operational advantages to be gained by utilization of varisble-area
turbine nozzles in turbojet engines. When combined with & proper speed
control, the varlable turbine nozzle can greatly inerease the thrust
capability of supersonic turbojet engines because of increased flexi-
bility in matching of the compressor and turbine over a wide range of
flight conditions. Furthermore, potential improvements in specific fuel
consumption, particulerly at thrust values below rated thrust, are possi-
ble for engines equipped with both variable-area turbine nozzles and
varieble-area exhaust nozzles (reference 1). In both these analyses, it
was assumed that turbine efficiency was not affected by changes in the
area Oor angle of the turbine nozzles. However, aside from analytical
treatment of the problem, na EP ?resent time a lack of
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experimental data on. the performance of varilable-ares turbine nozzles
operating as integrel components of full-scale turbojet engines. Com-
plexity and mechanical reliability have been the main deterrent factors
in obtaining experimental deta and in the utilizetion of veriable tur-

bine nozzles in present turbojet engine designs.

During a study of the surge characteristics of a turbojet engine
fitted with variasble-area first-stage turbine nozzles in the NACA Lewis
altitude wind tunnel, it was possible to obtaln some preliminary data
on the effect of these nozzles on the performance of the two-stage tur-
bine. The effect of the variable-area turbine nozzles on the efficiency
and gas flow characteristics of the turbine are presented herein. The
variable-area turbine nozzles investigated in this study were intended
primerily to provide a variable compressor pressure ratio independent
of engine speed and turbine-inlet temperature for compressor resesarch
purposes; therefore, the aerodynamic design of the nozzles was not
necessarily optimum. Furthermore, the turbine rotors and the second-
stage stator were designed for filxed-area first-stage nozzles. The
experimental results obtalned in this investigetion, therefore, do not
represent the best turbine performance obtainsble with variable-area
turblne nozzles, but serve instead as a prelimlinary Indicator of general
performance and mechanical problems.

Corrected turbine ges flow and turbine efficiency are presented as
functions of corrected turbine speed and turbine pressure ratio to show
the effects of turbine nozzle area and nozzle angle on turbine perform-
ance. The turbine efficiency obtalned with the original fixed turbine
nozzles is compared with the turbine efficiency obtained with the vari-
able turbine nozzles at & position corresponding to approximately the
same throat area and turning angle. A1l turbine performence data obtained
with the variable turbine nozzles are presented in numerical form in
table I.

INSTALLATION AND INSTRUMENTATION
Engine

The engine was mounted on a wing section which extended across
the 20-foot-diameter test section of the altitude wind tummel (fig. 1).
Dry refrigerated air was supplied to the engine from the tunnel make-up
air system through & duct comnected to the engine inlet. Manually con-
trolled butterfly wvalves in this duct were used to adjust the total
pressure of the refrigerated air at the engine inlet to correspond to
the desired flight condition, while the static pressure in the tunnel
test section was maintained to correspond to the desired altitude. A
slip Jolnt with a frictionless seal in the duct permitted the measure-
ment of thrust and installation drag with the tunnel scales.

2618
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The engine used in this investigation was a J40-WE-6, which hed &
sea~level rating of 7500 pounds of Jjet thrust at an engine speed of
7260 rpm and a turbine-inlet temperature of 1425° F. At this rating,
the compressor pressure ratio was gbout 5.0 and the engine air flow was
140 pounds per second. A cross-section of the engine is presented in
figure 2 showing the main components of the engine which included an
eleven-stage axial-flow compressor, & single-annulus basket-type com-
bustor, a two-stage turbine, and a clamshell-type varisble-area exhsust
nozzle. The engine was equipped with an electronic control that varied
engine fuel flow and exhaust-nozzle area to maintain a schedule of
turbine-outlet temperature and engine speed.

The original J40-WE-8 engine was modified before the investigation
reported herein by replacing the compressor-outlet straightening-vane
assembly with a two-element mixer-vane assembly, by using & slightly modi-
fied combustor basket, and by replacing the first-stage flxed turbine noz-
Zles with a variable turbine-nozzle diaphragm. The original control was
also modified to permit independent control of engine speed and exhaust-
nozzle aresa.

Turbine

Both first- and second-stage turbine disks were solld steel and hed
an outer diameter of 21.90 inches. The first-stage rotor disk had
62 high-temperature-alloy blades fitted into its outer rim (fig. 3(a))
and the second stage contained 32 blades of the same material (fig. 3(b)).
All turbine rotor blades were 5.50 inches in length; the turbine tip
diameter was thus 32.90 inches and the hub-tip radius ratio was 0.666.
The radial tip clearance for the turbine rotors was 5/32 inch.

The first-stage or varlable turbine-nozzle diasphragm consisted of
56 high-temperature-alloy vanes which could be rotated between an inner
and outer shroud (figs. 4(2) and 4(b)). All vanes were rotated simul-
taneously by an actuating mechenism similsr to the one shown schematically
in figure 5. The single actuating shaft extending through the engine
outer skin was actuated by an externally mounted worm-gear drive. Chang-
ing the turbine-nozzle vane angle varied the nozzle throat area and also
the angle that the fluid is turned in passing through the nozzles. Mid-
vane croses sections of two adjacent turbine nozzle vanes are shown in
the open and closed positions in figure 6. The solid-line section shows
the vanes in the open position corresponding to a geometric throat area
of 1.67 square feet and a turning angle at the throat of approximetely
54,5°, The dashed-line section corresponds to the closed position with
a throat area of 1.15 square feet and turning angle of about 62°. The
originel fixed turbine nozzles, for which the turbine rotors and second-
stage nozzles were designed, corresponded closely to the variable turbine-
nozzle setting that provided a throat ares of 1.30 square feet and a
turning angle of about 58°.
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The second-stage or interstage stator conslsted of 60 high-
temperature-alloy vanes welded to an lmmer and outer shroud with & fixed
nozzle-throat area of approximately 1.8l square feet. The annular
passage through the turbine from first-stage nozzles to turbine outlet
had epproximately constant inner and outer dlameters; the unblocked
annular ares was about 3.4 square feet.

Instrumentation

Stations at which instrumentation was installed within the engine
for measuring pressures and tempereatures are shown in figure 2. The
number of total and static pressure tubes, static pressure orifices, and
thermocouples installed at each measuring station is shown in tabular
form in this figure. Schematic sketches of the instrumentation at the
cowl inlet (station 1), compressor outlet (station 4), turbine inlet
(station 5), and turbine outlet (station 6) are shown in figure 7. Fuel
flow was measured. by callbrated rotameters and engine speed was measured
by a stroboscopic tachometer.

Procedure

Date were obtained at altitudes of 15,000, 30,000, 40,000, and
44,000 feet at various flight Mach numbers from 0.14 to 0.62. Extensive
performance data were obtained at an altitude of 30,000 feet and & flight
Mach number of 0.62. At this flight condition, the variable turbine
nozzles were set at five different positions and at each nozzle position
the engine was operated at six different speeds from 3630 to 7260 rpm
(reted speed). At each turbine-nozzle setting and engine speed, the
exhaust nozzle was varied from the wide-open position to full closed,
or until limiting turbine temperature was approached, to extend the range
of turbine pressure ratio and corrected turbine speed. The ranges of
turbine pressure ratio, corrected turbine speed, turblne nozzle ares,
and engine speed covered at this flight condltion are shown in the follow-
ing table:

Engine speed, TPM « + 4 ¢ 4 ¢+ 4 o ¢ 4 v 4 o 4« « o o « o « » 3830 to 7260
Measured turbine-nozzle-throat srea, sq ft . . . . . . . . 1.15 to 1.67
Turbine pressure ratio . . &« ¢« ¢ v ¢ v v v v 4t 4 4 e . o« « 1.57 to 3.00
Corrected turbine speed, PM . +. ¢ v « v ¢« &+ o « o « « « « 2663 to 4407

The symbols and methods of calculation used to determine the turbine
performance are given in the appendix.

2618
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RESULTS AND DISCUSSION

Inesmuch as the primsry obJject is to show the effect of turbine
nozzle area on turbine performsnce, curves are shown only for an alti-
tude of 30,000 feet and a f£flight Mach number of 0.62 where the most
extensive investigation was made. Data obtained at all of the flight
conditions investigated are presented in numerical form in table I.

_Corrected Turbine Gas Flow

The variation of corrected turbine gas flow with corrected turbine
speed for all five turbine nozzle areas is shown in figure 8 for an alti-
tude of 30,000 feet and a flight Mach number of 0.62. Although turbine
pressure ratio is not & direct function of corrected turbine speed, lines
of constant turbine pressure ratio have been superimposed to indicate
approximately the general increase in turbine pressure rastio with increased
corrected turbine speed at each turbine nozzle area. For each of the five
nozzle areas, the corrected gas flow increased with corrected turbine
speed to a maximum velue and was unaffected by further Iincreases in cor-
rected turbine speed or turbine pressure ratio. Failure of the corrected
gas flow to increase at high corrected turbine speeds (and high turbine
pressure ratios) is attributed to choking of the flow at some station
within the turbine. The turblne pressure ratlo for choking varlied fraom
gbout 2.6 at a turbine nozzle area of 1.15 square feet to about 2.2 at
an ares of 1.67 square feet. Howsver, these valuss of turbine pressure
ratio at the transition point between choked and unchoked flow are very
approximate because of the data insccuracy in the low range of turbine
pressure ratlos.

The maximum corrected turbine gas flow (choked conditions) obtained
at each nozzle area is shown in figure 9. This curve is also & measure
of effective turbine-nozzle throsast ares inasmuch as corrected turbine
gas flow is directly proportional to effective asres when the nozzles are
choked. Over the range of actual turbine nozzle areas from 1.15 to
1.67 square fTeet, the effective turbine nozzle area varied from 1.13 to
1.25 square feet for an effective area range of approximately 10 percent.
It is apparent that the effective and measured areas are nesrly equal at
smell area settings of the nozzles but the effective area is considerably
smeller than the measured ares at large area settings. This indicates a
reduction in nozzle flow coefficient (defined as the ratio of effective
area to measured area)} from about 0.98 to 0.75 as the nozzles are opened.
This large reduction in indicated flow coefficient may be caused by chok-
ing at some station within the turbine other than the inlet nozzles.
However, inasmuch as interstage pressures and temperatures were not meas-
ured, the locatioun of the choking station within the turbine could not
be determined with certainty.
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Turbine Efficlency

The turbine efficiencies obtained with all five turbine nozzle sreas
at an altitude of 30,000 feet and a flight Mach number of 0.62 are shown
in figure 10 as & function of correcé¢ted turbine speed. The maximum tur-
bine efficiency obtained was 0.87 with the smallest turbine nozzle area
and a high corrected turbine speed. The minimum turbine efficiency was
about 0.70 with the largest nozzle area and a low corrected turbine speed.
In general, turbine efficlency increased with corrected turbine speed for
dll turbine nozzle areas and was lowered by incressing the turbine nozzle
area (decreasing the nozzle turning angle) at a given corrected turbine
speed. These general effects, however, are not clearly separated in fig-
ure 10 because the effects of turbine pressure ratio have not been asccounted
for.

In figures 11(a) and (b) to 15(a) and (b), operating lines of turbine
pressure ratio and turblne efficiency are shown as functions of corrected
turbine speed for each englne speed and turbine nozzle area. Although
turbine efficlency is not a direct function of engine speed, lines of
constant engine speed have been faired for the turbine efficiency dmta
for the purpose of obtaining cross plots. The cross plots of turbine
efficiency against corrected turbine speed for constant values of turbine
pressure ratio obtalned from parts (a) and (b) of figures 11 to 15 are
shown in parts (c) of these figures. At a constant turbine pressure ratio,
turbine efficlency increased with increased corrected turbine speed.

This trend occurred at all values of comnstant turbine pressure ratio for
which cross plots could be obtained at each turbine nozzle area. The
maximum range of corrected turbine speed obtainable at a constant turbine
pressure ratio was sbout 200 rpm snd the average increase in turbine
efficiency for this increase 1n ecorrected turbine speed was about 4 per-
cent. However, the rate of increase in turbine efficlency with ilncreased
corrected turbine speed was greater at the lower values of constant tur-
bine pressure ratio. At a glven corrected turbine speed, turbine effi-
ciency increased with reduced turbine pressure ratio, but the corrected
turbine speed could be maintalned constant only for a very small range

of turbine pressure ratiocs.

The effect of changing turbine nozzle area and turning angle on tur-
bine efficiency at a given corrected turbine speed and turbine pressure
ratio is shown in figure 16. The symbols, which represent cross-plotted
data points rather than actual data points, have been included to indl-
cate the accuracy of the cross-plotted data as well as for distinguishing
between turbine nozzle areas. In all cases where a comparison could be
mede at the same turbine pressure ratio and corrected turbine speed,
the turbine efficiency was lowered by increasing the turbine nozzle area.
Changing the turbine nozzle area from 1.30 to 1.67 square feet at con-
stant values of corrected turbine speed and turbine pressure ratlo

2618
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lowered the turbine efficiency by 3 or 4 percent. It is probable that
the reduction in turbine efficiency over the complete range of turbine

o
nozzle areas (decreasing the turning angle about 7% ) would not be more

than about 5 or 6 percent 1n the region of high corrected turbine speeds
and turbine pressure ratios.

A comparison of turbine efficlencies obtained with the original
Tixed turbine nozzles and with the varisble turbine nozzles at a corre-
sponding srea setting and at the same flight conditions and engine speed
is shown in figure 17. The slightly lower turbine efficiency of about
1 percent (which is less than the data accuracy spread) obtained with
the variable turbine nozzles indicates that the leakage losses with the
variable nozzles were very small.

Mechanical Reliability

The varisble-asrea turbine-nozzle dlaphragm wes installed in the
engine during approximately 240 hours of engine operation and only minor
mechanical difficulties were encountered during this period. Although
the turbine nozzle ares was not varied frequently during the part of the
engine investigation reported herein, a great many changes in nozzle area
were made during other parts of the Investigation. The nozzles were at
low physical loading conditions most of the time because most of the
investigation was conducted at high altitudes, but inasmuch as a large
part of the total operating time was at military speed and temperature,
it is felt that these tests were a good indlcation of verisble turbine
nozzle life. Calibrations of turbine-noczzle-throat dimensions versus
Indicated nozzle setting showed good reproducibility of turbine nozzle
arees.,

CONCLUDING REMARKS

The varieble-srea turbine nozzles were found to be mechanically
reliable and to have negligible leakage losses. It was possible to
achieve a variation in corrected turbine gas f£low or effective turbine
nozzle gres of about 10 percent by use of these varisble turbine nozzles.
At a given corrected turbine speed and turbine pressure ratio, changing
the turbine nozzle area from 1.30 to 1.67 square feet lowered the turbine
efficiency by 3 or 4 percent. The effect of increasing the turbine noz-
zle area from 1l.15 to 1.67 square feet (decreasing the turning angle

o)
about 7% ) would probably lower the turbine efficiency about 5 or 6 percent.

Lewis Flight Propulsion Laboratory
National Advisory Commlttee for Aeronautics
Cleveland, Ohilo



>

v =2 H ®

APPENDIX - CALCULATIONS

Symbols

The following symbols are used in this report:

‘eross-sectional area, sq ft

acceleration due to gravity, 32.2 ft/secz
enthalpy of air or gas mixture, Btu/lb
engine speed, rpm

total pressure, 1b/sq ft absolute

static pressure, 1b/sq ft absolute

gas constant, 53.4 £t-1b/1b-°R

total temperature, Or

indicated tempersture, °R

velocity, ft/sec

air flow, 1lb/sec

fuel flow, 1b/hr

gas flow, 1b/sec

thermocouple impact recovery factor, 0.85

ratio of gpecific heats for gases

NACA RM ES52J20

pressure correction factor, P/2116 (total pressure divided by

NACA standard sea-level pressure)

adlabatic effilciency

temperature correction factor, yT/(1.4)(519}, (product of T
and total temperature divided by product of y and tempera-
ture for air at NACA standard sea-level conditions)

density, slugs/cu ft

CONF IDENTIAL

2618
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Corrected parameters:

N/1/§g corrected turbine speed, rpm

Te /62 corrected turbine-inlet tempersture, °R
__Egllgg;_ corrected turbine-inlet gas flow, 1lb/sec
85(v5/1.4) :
AE[6 corrected turbine enthalpy drop, Btu/lb
Subscripts:

a alr

g gas mixture

t turbine

1 cowl inlet

2 compressor Iinlet

4 compressor outlet

S turbine inlet

6 turbine outlet

Methods of Calculation

Total temperatures were calculated from thermocouple indicated
temperatures with the equation
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Alr flow. - Alr flow was determined from pressure and temperature
measurements at the cowl inlet (station l) by use of the equation

-1 ¥1-1

2 [ P1 11 1\ Ti }fFi) "1
W T@;)\/ 2@ D) -

(2)

Gas flow. - Gas flow was calculated from fuel-flow measurements and
cowl-inlet air flow as follows:

Wy = Wy We/3600 (3)

Turbine-inlet temperature. - Turbine-iniet temperature was deter-
mined from the enthalpy and fuel-ailr ratio at the turbine inlet by use
of temperature-enthalpy tables. Turblne-inlet enthalpy was celculated
from the following equation which sssumes that the turbine enthalpy drop

equals the compressor enthalpy rise:

W
= TR -
Hy 5= Hy g + W (Ha’4 Ha,z) (4)

Turbine efficiency. - The turbine adiabatic efficiency was deter-
mined from the following equation:

= Ts ()

where Tt 1s the average value of 7y between stations 5 and 8.

2618
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TABLE I. - VARIABLE-AREA TUREINE PERFCRMAMNCE W
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53 4835 | 1187 { 1.50 ] 8827{3405] 1%74 | 4957 B15] &7&7] 1 22381 1250]99.42{ 93,39} .ae77]o.578] 4Qus] a7.2]L ] . JOL06  |1.234
34 4827 1180 | 1.s0 | ees7iasss | 1377 «9&[ gzs| sessf1 2373 ] 1332} 92.75|93.80] 8718 a.Ecu. 3991] 28.5]1 s OUE {1231
35 485 | 1184 | 1.30 | ssg7laesq] 1371 || 406l e;| a1sol 17 BEB2 | 1448]82,11)95.55) .B803]|a.5921 5880] 38.4 .M 013 |1.208
38 454 | 1185 | 1.30 | esssi2e0qlf 1378 )] 459 7841 423 1527 1&55,] 1083 86.00 88.87) .8080 a.ﬁss 404l | 25.9[1597 .59 L0078 11.285
57 484 | 1185 | 1.50 | 635512690 | 13574 | 4924 775 5113 | 1453 | 20517 1180]85.59|66.10) . a518)2.095] se00] a6.8[151 do.aa 0O |1.21e
34 462 | 1188 | 1.30 | GEAS[3XJOj IN74 ;| 49| 7as{ Si18 1565 | 2a5¢|( 1501{84.45/85.39F .AA0 a.gss. 3746 24.7|1 .57 o1l [1.201
33 463 | 1188 { 1.30 | 6353|3488 1375 | 480" 7941 5501 ] 1680 | 24237 1e12)es.s1)ae.800 .Ba4a)a.bas] zesel 24.7|177 A4 | L0129 ]l.190
10 -480 | 1182 | 1.30 | &35314300 | 1374 | 489 | 799 5818 | 1600 | 2573 1531)62.61)A5.85| .8494)2.1e2 | 2510| 22.8|1910] &0.0 | Lolsa |1.17¢
41 484 | 1188 1.30 | 5eoslleas | 1374 °| 491 1724 ] 4led [12%0- 1885 1007[95.77|76.28} .B363{e.4a8[ 3850| 24.7)1%00! s0.85% | .ooes [1.221
42 464 | 1187 1.50 .| 5606|2230 | 1378 | 487 | 727] 4310 | 1323 | 1823 | 1105{74.17|75.79t .81s0)2.384 | 3702 | 23.5|1109] s 41 0082 |1.198
a3 .485 | 118§ 1.30 | se08|2s00 | 1372 | 488 1% 4%81 { 141G | 1953 | 1194[75.55| 74.22 | .6004|2.256 | 3594 22.68{1502| 50.48 .0094  |1.181
& 487 | 1184 1.8 § ssomissea 4881 7437 44777 1540 | 20739 TUOL 7.5 73,14 - Maued 2,189 5449 21.9]15¢0{ aa_sl o1, [1.a78
45 459 | 1188 | 1.30 3208 | 13572 | 487 | 7534 45701675 | 2195 | 1437|70.28|71.20] . 2132 3518 20.9{1782| 60.75 L0150 [1.164
48 AB4 | 1187 | 1,50 | 4719|1178 | 1375 | 488 [&44| 278871 1410 | 255/92.%68]52.711 .A1as)1.984 | 5302| 18.6[1158| 58,25 | .o082 [1.161
47 .487 | 1185 1.30 | 4719 {1285 | 1375 | 485 | 645 | --— | 1247 | ---—- ]| 968/82.83]52.88 Jamm-nu]emaca | 5206 18.1[1285) T27 ) looBR  |1.181
48 471 | 1184 1.30 | 471911550 | 1378 | 461 [e46| 2841 | 1245 | 1278 | 2080{%2.08|52.49( .p6es|1.as8 | 3098| 17.8|1342] 59.33 Q083 |1.161
49 484 | 11B@ 1.30 | 471911655 | 1374 | 482 | 8% 1293 | 1830 | 1137|51.21|51.67[ .8112|1.842 | 3041 17.4|1%95| sB.38 0080 |1.137
] ABS | 1184 | 1.30 | 4719|1740 | 1374 | 480 | 693 | awen | 2330 | —--- | 1368/52.22) 51 .80 -—mamm | —nmum 17.4 (1458 —aamm L0034 (1.159
51 410 | 1183 1.30 | 3630] B14 | 1375 | 48¢ | 873 lge7 | 938 | 1282 | ©68|x%7,71|57.94| .8178|1.534 | 2698 12.2|100%| s5.81 .0050 |1.100
52 467 | 1185 1.30 | 56501003 | 1376 | 483 [582| 2086 1108 | 1182 | 2004 56.3638.84| .6388(1.750 | 2514 | 11.8|1181 54,87 | oo7a [1.098
33 L4B3 | 1180 1.87 | 7260 (5840 | 1376 { 485 | 815 | 5797 [ 1873 | - | 1279/90.56) 97 .43 |emncc|—aass | 4288) £7.3)2882) €5.55 || Lomax J1.e30
54 480 [ 11 1.87 | 7260 (3040 | 1za4 1 497 [627] 2820 | 1643 | -~—- [ 1348(94.20] 95.32 |- mmnme -~-=| 4182] £6.5(1715] §3.20 Qe {1.218
55 465 | 1186 | 1.87 | 72604310 | 1573 | 491 |624] 5958 | 1690 i 1920 | 1384 |95.40|96.60| .70mals.102 | ¢139| 28.0[1778| &3 .57 0128 [1.814
58 457 | 1185 | .67 | 7260 (4720 | 1565 | 423 |37 6090 |1780 | 2100 | 1480|94.64]98.55] .7458{2.75¢ | 4081| 25.5|1874| &3 44 L0138 [1.203
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TABIE T. - VARIARIZ-AREA TUREIME PERFORMANCE - Comtimusd W

ltituds Mg Po |Turbine| N | We | Bp T | Ty | Ps T | Fa Ps | Wy,1| ¥g,5| My |Pe/Pgl X At | Tg |Wg, 55| L T
(rs) (-11: )::::1: (rpm) (‘1_3) (n (@R} l(°R) (n | (°m} (J.b ) (°r) (a_lg (.2 vig | %5 | % % (18 Vo 1055007 T5

Bq ] [T eo "

LR kPt _i'f)aq _TE) #q It (rom) @F) {°R) 1h1‘1'

()
AB,000 ( O.4B3| 1188 ! 1,87 | 7R80)|8030| 1388 | 487|830 | 8210|1830 2307 15265| 86.40] 96,80{0,7881) 2,802 | 3978 24.B{1548] 63.72 0.0146 |1.200
455 1183 | 1.87 | sed7|3370| 1562 | 504 | 807 | 6374 [ 1507| ---~| 1285|90.85(91.70)-~-uu-| —amen| 4138| 28.5[1682| 62.82 0105 1,220
.480| 1188 | 1.87 | 8897|3786 1391 | 487 | 508 | B6B71 | 1880 | 1851 | 1502| 92.08|55,10| .7473|2.8535| 4048 £5,8|1680| 8£3.14 011t |1.214
L4841 1188 | 1.87 | ag97|406% | 1378 | 500 {815 | 5677 | 1650 | 2125 | 1370| 01.98|05,12| .7805|2.874| 3964 | 25.1|1713| 63.45 0125 |1.204
A67] 1188 | 1.87 | 6B97|44B0 | 1377 | 498|817 ] 8878 | 1750| 2205 | 1448|92.48|93.72) .7487|2.68% ) 5381 24,4)1611) 63.24 0135 |1.1B8
460 1181 | 1.87 | ese7(4BB0 | 1385 | 499 | 627| 5993 |1a836| 2ssl | 15s6|91.45|92.811 .7888(2.83a( 3765 25,8/1888( e3.21 .0l48 |1.188
484 11 1,67 | 63852899 | 1574 | 499 | 782 | 4766 | 1570 | 1383 | 1188| 85.45| 86,18|. .7729| 2,685 | 5063 | 24,8/ 1425| €3.08 ,00BB  |1.208
464 | 1191 | 1.87 | B363[3160| 1361 | 487 | 769 | BOL& | 1473 | 2024 | 1850|85,.3%|86.21| .7888|2.478| 3680( 4.5 82.51 0103 |1.ig8
4571 1185 | 1.47 | s36%(BB48 | 1385 | 498 | 777 | 5134 | 1500 | 2180 | 1849]8¢.48]85.50| .8064[|2.344 | 5707 | 22.6|1676] 63.34 0130 |1.16g
4591 1188 | 1,A7 | 63B3)4078) 1370 | 498 | 788 | 5313 | 1705| 2377 | 1440)85.50|64,.6%5] .6377)R.235 | 5601 | 22.8/1763 | 62.69 0158 |1.18)
462 1187 1.87 | e363(ed6q | 1374 | 488 [792 | 5420 |1785| 2406 | 15837|62.84[0¢.08| .8128|2.483 ) 2516 { 21.5|1688| a2.88 014 [1.1e7
482 1 1,87 | B60B|2090 | 1386 | 473 | 874 | 4092 | 1e1%| 1690 | 1p2s|77.08[77. .7488|2.42] | 2664 | 21.8[1532| @2.38 0076 |1.188
482 | liaa 1,87 | bBOB|260G | 1368 | 487 | 722 | 4204 | 1377 1808 | 116B|75.36/78,07| .788Q|2.526 | 3632 | 21.9|1487| 85.55 0082 [1.178
452 1190 | 1,87 | 5608|2985 | 1375 | 488 | 753 | 4550 | 1520 | 2002 | 1301| 74.58| 78.57| .7944[2.278 | 3470 | a%.1|1 84,02 0110 |1.188
4801 1188 1.67 | 6008|5230 | 1375 | 485 | 754 | 4450 | 1500 2138 | 1376)73.30{74.20] . 2.072 | 3589 | 20.4)|1720| &3.66 0122 |1.184
----- 11684 | 1,87 | 6608 |350% | --—- | 404 | 876 | 4804 | --—-| 2298 [ 1468| wemr=| o= [~maa-[ 1,960 | vusm [ mmf e [ cmm [FOONRIN P
A7 | 1181 | 1,67 | 4719|1280 | 1378 | 510 | 880 | 28R4 | 1145 | 150 | 996|49.15(49.50| .76684[1.974 | 3221 | 17.2| 118 | 58,87 007 |1.148
487 | 1196 | 1,67 | 4712|1445 | 1387 | 501 | 857 | 2761 |1197| 1426 | 1045|60.73|51.13] .7844(1. 3152 | 17.0|1240 | 80.356 L0078 |1.144
484 1188 | 1,87 | 4719)1B98 | 1577 | 499 | 653 | 2782 | 1266 ) 1528 | 1106)49.10|40.54| .8aA7|L.627 | 3084 | 18.8|1506 | 50.38 L0060 |1.138
480 | 1188 | 1.87 | 4710]1708 | 1374 | 502 [ 884 | 2841 [1323 | 1eed [1173)40,84[49.31( .0298[1.749 | 3020( 18.5|15588 | 65.88 0007 (1,128
A7 1184 | 1.87 | 4718|1810 | 1379 | 493 | 882 | 290§ | 1400 | 1733 | 1246(B1.61|52.04 | .4772|1.676 | 2829 | 18.8|1474 | 65.52 0103 [1.1g¢
467| 1168 | 1.87 | 3850| 862 | 13577 | 485 (574 | 1BAY 1za2 | 900(|37.69|37.94| .8918]1.810 ] 2861 | 11.5|1048 | BB.TL 0088 |1.092
480 | 1183 | 1.87 } 3630| 972 | 1388 | 485 | 572 | 1897 | 1025 | 1274 | 944|37.55|57.80| .4695)|1.568 | 2812 | 10.4|1100 | 56,76 0072 |1.084
glo 423 :HM 1.87 | 5650]1080 | 1570 ng g78 | 2027 |110% | 1342 | 1017|38.72]37,01] 7415 1.2%2 2521 ig.s 1178 gg.ga &ogo 1.035

o4 1,87 as | 1575 | & 3 5. . 2493 .87 .

B2 30,000 [ 0.852 1.1 1073 781 | 458 ‘S'H' %’1%8'4 1188|57,07]57. 5541208 82 _565 Ts. 30 o.bﬁa"‘i‘.‘a‘sv
a3 818 | 818 | 1,15 | 7eae0|e25s 797 | «7% |B37 | reez |1815 | 1568 | 1283|%56.49|57.12| .Bess|e.a70 | 4218 | %0.0|1770 | 58.13 0111 [1.258
a4 607 ) &Rl | 1.18 | 7280]2480 796 | 471 | 644 | 3997 (1693 | 1440 | 1580|58.50|57.19| .Be3s|2.778 | 4125 | 29.1|1287 | 58.08 L0120 [1.245
a5 .621| 8l 1,15 | 7280|2810 | 797 | 468 |B4B | 4138 | 1803 | 1841 |1487|58.88|57.44| .8562|2.685 | £007 | 27,7200 | 66.55 L0158 [1.229
86 ==--=] 880 | 1.15 | 72805020 { 797 | 463 |8es | 420@ | -——- ] 1598 |1818)uamn-]ceaa o 2,888 | mme | e f e | e L P
a7 681 | 828 3.05 | esa7(1730 { 812 | «75 [801 | 3659% [1%93 | 1188 |1089|57.00(57.48( .8410|2.980 | 4p68 | 30.2[1821 | 66.49 0083  [1.268
83 .621| ald 1.1% | e8e7]1805 | 803 | 476 |10 | 3659 1477 | 1260 |1177|58.35(%6.84| .B379]|2.804 | 417B | 29.7{1615 | 56.64 LQ08L  |1.286
89 811 a22 1.15 | e8g7(21148 | 800 | 471 |818 | 3748 |1575 | 1342 |1855|68.25|58.684 | .p464|2.795 | 4088 | 28.7[17386 | 57.11 L0104 [1.245
90 ,610 | &R0 1.18 | 86872480 | 797 | 489 |636 | 3868 (1710 | 1467 |139%)|88.80|56.59) .8407)2.85Q | 5901 j 27.5|1805 | 57.37 L0184 |1.228
91 .a18 818 1.18 | eoe7ia938 | 798 | 466 |B3w | 4048 1837 | 1801 |15l (mB.B7{B6.38 [ .8319|2.327 | 5784 | £5.8]2087 | 57.42 L0147 (1,208
92 apa 818 1,15 | 6383|1323 | 602 | 476 (762 | 331 1270 | 1047 |1000(51.17|B1,54 [ .8413|2.971 | 4128 | 20.8(1387 | 65.7Q 0072 [1.270
o5 818 819 1,15 | 8353 (1446 | 601 | 479 (770 | 3140 (1387 [ 1088 |1070(50.87|81.27] .B181|2.87% | 4020 | 28.1 (1449 | 68.28 L0079 |1.9260
B4 B2 818 1,15 | 8355|1887 804 | 477 |77R | 5228 |157Q | 1148 |1107|81.07|51.51 | .BO67|2.B10 | 3963 | 27.5|149) | 55.8% \0085 |1.238
95 .816 818 1,16 | 6363 (1608 | 798 | 479 [770 | 3058 | 1430 | 1187 |1161)30.48)50.968) .B162)2.782 | %902 | 27.2)1580 | 56.02 0083 |1.23p
88 824 §17 1.18 | 83551788 | 602 | 479 (781 | 3502 | 1456 | 12%2 |1194(50.69|51.19( .7938|2.880 | 3874 | 26.8[1577 | 68.08 0088 [1,219
87 .823 818 1.15 | sa0d| 997 | 799 | 477 |720 | 280G |1180 §21 | 918 (48.04|46.32 | .68319|2.603 | 3981 | 27.5(|1a5) | 50.78 0080 [1,887
98 .81% 824 1,156 | 5608180 ( 802 | 476 |7TR4 | 2850 |1240 ] 983 |1006|48.14|48.46 | .p162(2.6869 | 3015 | 2%.9(1%52 | 88,20 0070 (1,233
28 818 622 1.15 | 5808 (1335 | 805 | 474 (750 | 2723 | 1318 | 1062 |1082|45.148]48.53| .pO3S |2.B64 | 3711 | 25.5 (1430 { 50.54 0080 [1.218
100 8181 821 | 1.15 | 500D 1499 | 802 | 4TS |77 | 275¢ [1400 | 1116 |1184 |45.72|48,14 | 6017 |2.460 | 3505 | 24,5 |1528 | 68.54 ,0091  |1.205
101 622 | 618 1,18 | sgog 1814 | 800 [ 474 [745 | 2779 |1477 | 1166 (1235 (48.47|45.92| ,8130(2.406 | 3318 | 2¢.2(1618 | 60,23 .0099 (1,193
102 .827 | el 1.15 | 4719] 841 | @208 | +78 {858 | 1701 | 665 | 760 | 808 |32.34|32.52| .7947{R.R88 | 5485 | 41.4|1050 | 55.54 L0086 |[1.192
103 821 | &21 1.15 | 4718 709 | @&05 | 471 [#38 | 1738 |1016 786 | o83(31.18]51.36| .8130(2.21) | 5407 | 20.8(1)20 | 65,88 0085 |1.180
104 .6 818 1.18 | 4718) 775 | 804 | 473 |645 | 1764 )1070 | 820 | 905|51.03)51.24| .B180|2,151 | 3525 | 20.5)1175 | 64,38 L0089 |1,182
106 .813 822 1.15 | 4719 ag7 | 801 | 47) |e47 | 1BO5 [1157 889 | 987(50.60|30.84 | .8218(2.077 | 5204 [ 18.,6|1276 | 24.70 0079 (1,172
106 822 | 819 | 1.15 | 4719 | 9as B04 | 471 (63« | 1864 (1230 | 911 [1058(29.50(80.17| .8187(2.048 | 5113 [ 10,68 {1567 | 53.5% L0000 ([l.168
107 LM | 618 | 1,16 | 3850 | 528 | 787 | 470 (%82 | 1147 | a0o 838 | 711|25.76|e5.90 | 7830 |1.717 | 2057 | 14 .4 | 684 | B5.00 .0068 [1.128
106 . 620 | 1.16 | 36%0| Se2 | BO2 | 488 [567 | 1154 | 803 684 | 741|3a5.96(24.11 | .7528(1,66% | 2898 | 12.8| 913 | 55.54 .0085 [1.111
109 .828 820 1.1a | 3830 578 B07 | 469 |565 | cxrn |oam- 717 | T |mmemmm e e el I e I I
10 628 | 617 1,15 | 3830( 806 | 805 | 468 (564 [ 1206 | 007 | +7e9 | a20|23.19(@5.58| .7371|1.884 | 2787 | 12.8(1008 | B4.65 0072 [i.108
1) 6181 612 | 1.20 | 7260 (2060 | 781 | 480 |79% | 2813 {1470 | 1259 [1178[%7.18(57.78 | .B289|2.870 | 4406 | 25.1 1656 |58.18 L0100 |1.248
n2 821 | 611 | 1.20 | 7260 (2280 | 792 | 480 [8OB | 3737 |1560 | 1519 |1286(%57.12|57.75 | .B284 |2.833 | 4266 | 26.8 1760 | 68.00 L0108 |1.242

ozZlzed Wo VOVN




TARIR I. - VARTABLE-ANEA TURBINE PERFORMANCE - Continued

Mititude] Mo Po |Twbinel B [ W | Pp | mp(om | pg Is | Pe | Ta| ¥a,3l Was| m [eeseg | am [ 15 ¥g,5VPs| % %5
{re) 1p \|morzle | (rpw) (n:) (m ) (°r)| (%R) (n: ) (°R) ( b ) (°r) (ﬁ) (ﬂ) v | 3 | Ty ¥5)| ¥a,1(5600)] Tg
g ara Br) \aq 8 1T, ng T, s8¢0/ | \Bee (rpm)| fEead | (°R) %5

(=q £1) (3 15

(3
30,000 (0.818] 614 | 1.20 57.02/57.68/0.800€] 2,754) 4221] 20.4f1810) 57.88 0.0118 f1.pxg
YY) B §7.02/57.74( 8306 2.691( 4148| 27.4]1860( 57,52 0126 [1.226
8ia| ew | 1.20 56.89157.76( .8341] 2.624| 4081 26.9/1p62| 57 83 135 [1,219
s18] 6&l2| 1.20 58.25| 58,72 A3%0| 29.6/1552| 87.73 0037 1,359
626 el2| 1.20 56.66/57.20| .e26d| 2.767| 4173| 2a.2|1sse| selsn 0099 (1 037
.21 67| 1.20 56.86/57.501 .8433| 2.851| 4054| 27.2|1787| =g 5a 0113 [1.228
811 &4 | 1.p0 65.98|56.70| 8561 2.544| 3890 2a,2|1952| 36 62 0125 [1.213
616] 65| 1,20 54.71(55,.5%| .8616| 2.4535| 3753 26.7|2016| 38.97 0181 [1.z08
634 eos| 1lz0 5%.85/56.77] .8380) 2.452] 3783| 25.0|2083| £8.67 0150 [1.1g8
8241 ®m2) 1.p00 52.78(85.17| .8154[2 a%af 47| 2q.x 56.53 _.gg;e 1.281
6le| 808 1.20 31.801F2.41| 6467 2,764] 4117 29.1|1c00] a7.01 1.0081 |].a8%
.613) e12] i.20 52.45/52.90| .6286 2.884] 4008| 27.0|162e| =7.%% 0090 (1.23%
.| eo7) 120 b2.27[52.90( .e106) 2.50¢] smex) as.3|1821 | 5705 ~0201 10217
.628] s8] 170 62.70163,28( 8217 2.490| 5784 25.2(1725| sa.1 L0110 (1,208
62e) 61| 120 48.7747.08) 8477 g 1070| 27.0|1218) 57.1% -0081 (1,258
----- - 1l.20 mommn] e e B =] Amme |l rrne | sea—— e FRp———
21| @oa{ 1.20 45.87(46.22( .eé24a. sa77( 25.8(1363] 57.27 0075 1,288
814! 6lp] 1,20 45.77/46.14 | .8210/2 827] 3411 24.8(1402[ 57.57 0081 (L.p20
.655| 612 | 1.20 46.38146,78| .7885] 2. 3752| 24.2|14d4 | 57.14 .0085 |1.205
62| 85| 1.20 32.40432,59 ,7x36) 3. 3555 20.1(|1062( s6.17 0060 [1.181
.62¢] &9 1en 32.87/3%.07| .7510]a. 3518| 19.9|1075f 58.84 0080 {1,174
-629| ey 1.20 32.68)33.08| .7858f2,165] 3475| 19.4|1107) 57.05 0082 [1.272
.650] 607 | 1.20 33.27/33.491 7766/ 2.115] 3364| 19.2|1179 58,60 0087  |1.1s8
sg‘o gss 1.20 33,00(33.26] 7727} 2l 328{ 17.9(1271| 58.88 0077 (1.158
N 1.20 e | e--——— e T PUruvuety [ ————— .-
-825( 807{ 1.20 £5.76/23.91 .7560] 1. 606] 2066( 15.4| 891 | 58.85 00686 [1.118
624 | &071{ 1.20 25,7828 .08 | mmunn| oot 29%9| 1307] gov | X5.08 0085 J1lj2a
.62&| &0 | 1.20 as.51i23.67( .7704(1.677 13.5| 915] 54.73 -0088 1,118,
608 { 1.20 28.06125.23| .7sasl) msk| omw7| 12.8) 984 | 5407 0076 11,106
.626) €] 1.20 22.22122.90| .7208]1.838) 2771 12.1(1021] 53054 .Q0BL  (1.101
el e11] 1.3g 57.49/56.05( .05072.760] 4400| 28.7|1860| 50.20 .0088 {1,243
S22 a7 | 1.30 37.27157.92| .%438| 2680 4m3| 27.7|1821 | ao.a1 DM4 HLeE2
.635] &ns ) 1,30 56.07157.701 880y aosedl 410%) 27.0/194% | eo a0 0128 [1.223
625 en7 ] 1.xg 58.00/87.7x} . 2.496] 4000( 2e.1 80.59 0l45 1,208
5901 ase 1.5& 1582{5e.68157.5a) . 2,438 25.1 (2147 | a0.44 0158 %195
3] er ! 1.3 56.33(56.73f . 2890 4.%9 20.5 (1685 | eg.23 0089 (1,245
.619] ®s )] 1.3a S8.83|87.40 55'73 2.8a8] A165| 27.6(166¢ | 80 42 0106 .25
615|831 ] 1.3 S7.08/57.88¢ 8439 2,557 4010) 25.7 (1818 | ep.a% -al18 (1.219
.618| &0 1.§g 568.84(67,71| 8477 4.447| 3888| 255|176 ] an.7) 01 [1.205
@as| eeo!l 10 56.81157.88) 8263512, 54| 3789| 24.12094  60.54 0155  [1.189
.821| 620 | 1i.30 B3.46153,80( .2518(2. 750! 4104| 27.1 |1440 | 60.24 <0077  [1.243
822] &l ] 150 11185505 (85,52 .8273)2.808| 3988 28,4 1357 | 6g.2% .0088 {1,228
6261 €17 | 1.3n B5.011E5.54( .B247|2.509| 3864 ) 25.5 (1840 | 60.9% 0100 1,212
-828| eos | 130 b1.89.50.47] .8044|2.422( 3768} 24.3[1730 | en a2 12 Ji.1es
827 | e1s 1.50 52.55|65.19| .8251)2.338, 3662| 2.8 (la4e ) g .58 026 N.180
607 613 1.30 45.18148.45] .8554|2.835] 3988| 28.4 {1275, 50.59 0085 1.244
621 607 ] 1.30 46.71148.12( .8088(2.575| 3671| 25.6 |1514/ ep.6s 0030 |19
B4 | 813 1xa 45.82146.09| .7752|2.285| 3554) 2.1 [1eza | e1.08 0105 Ny i7m
.616 1.30 45.18145.70| .8115(2.200] 3420| 21.5 [1781 | ep.gs o005 374
619 | 619 | 1.30 45.75 45,35 ) .7799(2.154] 5348} 20)5 ae7 | goo a1 W0128 1,180
{634 | 815 | 1.30 35.97134 .18 |emnean | 3,168 waee] cmem |oeen | T25 .0057- [.IZZ7
-818( 814 | 1.3 52.99155.21| .0078[2.08x5| 3564 | 19.5 [1174 | 59.63 0087 {1,172
640 | 610 | 1.3b 55.06/35.30| .7883)2.0u5) 3823 13,8 1207 | 89.18 0071 l.1E2
825 2] 1.30 32.21 152,47 |~——- 1 9q7| ZI-2] IO 00D N -
818 8la | 1.30 31.86|51.84] .7719|1.926] 5121 17.1 hsea | =50 0089 [1.141
.38 | 811 | 1.30 #4.52125.07| .7699|1.640( 2046 | 12.5 [ ass | 59 87 0082 [1.10s
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TABLE I. - VARIABLE-AREA TURBINE PERFORMANCE - Continued W
T5

Turbine N 'r Pe Ta Ty 1’5 T Pg Tg "& .1 HB .5 ﬂt PB/ PE N ﬁﬂt Tﬂ ) ] B Hf

e |1 | om o e oz om (8 (3 % | % | u ) A T

(o) ) |\&q aq #q TT, w0/ | \ang (rpm) (Bbu) {°R) tiIS(Ilhl_.T

] m)

1.30 | 36%0| &35 791 460|546 | 1146 | eB% T0h | 778|284k | 25,820, 7811|1.826| 285&| 12.8| B74| B&.80 0.0078 | 1.108
1.30 | 3850| 698 | 801 480 | B30 | 1188 | PaD 743 | 836)83,35|83.52| .7638|1.595| 2748] 12.0/1053| 55,31 Q0B |1.102
1.37 | 7280|2130 T84 469 | 798| n488 | 1827 | 1877 | 1234|58.95|57.54| .s398|2.751| 4527| 28.0|1695| &1.22 0104 1,237
1.37 | 7260[2318| 78T 460 | BOO | ~==- | 1807 | 1334 | 1304|58.44|B87.08|crrm—u|raear 422B] 87.8|1779| ~wueu oll4 |1.832
1.37 | 7260|2816 | 704 480 | B18 | 3878 | 1700 | 1437 ] 1304|546.75|57.48| ,0635|2.669] 4118] 26.7/1682] 61.42 .0lea |1.e20
1.37 | 7280|2700 | TBOQ 463 | Be0 | 3699 [1767 | 1482 | 1456|55.75|58.5a] .861%|2.498| 4042| 2e.0|1980| s81.31 0138 |[1.214
1.87 | 7260|3018 | 781 489 B8R4 | 5794 | 1840 | 1569 | 1529|66,567|68.41| .8563|e.434| 3968 BE.4[2037| 80.93 .0181 |1,20%
1.57 | 68071880 | 797 457 7688 [ =551 11450, 120%| 1180[56.42|57.00| .6a3e7|R.717| 4236] 27.2|1588) 61.35 0035 |1.233
1.37 | 6897|2350 737 467 708 | 35495 | 1604 | 1388 | 1519|55.68(56.335| .B482|2,517| 4018 28.1)178%| B1.40 s0L17 J1.218
2.37 | 6887 2390 748 487 785 | 3606 | 1836 | 1471 | 1%96(85,87|58,58| .B418(2.451] 3928 RE,.3[1872( 61.17 Q120 1,208
1.37 | 6887|2878 | 796 458 | 801 | 728 | 1777 | 1EGE | 14B4|56.27|57.07| ,6515)£,.376| 38352| 24.7|1978( &1.8% 0142 |1.197
.37 | 6887 3e05 406 | B11| 3903 | 1897 | 18B7| 1802|58.%9|B7,.81| .B4X3|2.300| 5718] 24.1|2111| 81.21 Qlsz |1.184
1.37 | 6383 466 [ 750 | 2946 | 1300 | 1104 | 10B8|B2,.44|B2.87| ,B071]|2.868| i0as| 2e.0|le47 AR . 1.208
1.87 | £363|1885 468 741 | TOLT | 1577 1174 | 1138|B1.70{52.17| .p009|2.570| 3973| 2%.4|1527| s0.m 0081 [21,2)13
1.37 | e3B3|1860 467 | T47| 3014 | 1465 12558 | 1217|51.91|62,44( .BO13|2.481| 3884| 24.8|1826| 81,06 0101 [1.202
1.37 | es&3|2080 487| 761 | 3188 | 1B35 ) 1326 | 1880)52.09|50,87| .B176[2.408] 3782 24.0|1705| 81.44 0111 |1.188
1.587 | 8383|2216 486 | 750 | 3055 (1570 | 13571 | 1522|82,45]|53.08] .7a78(2.57¢| 3739 23.8|1747| 61,38 17 [1,188
1.37 | Ba08{11%8 464 | 60O | 2459 1185 853 | 945148.00/48.41| ,A050|2.680| 3948| 2&.4|1200] 60,30 ,0088 |[1.223
1.57 | BBOG{1306) --- 468 ( 895 | 2524 1027 | 1038 (45.92|46.281 .8102(2.468| 3796 25.811%57| 61.28 L0078 [1.208
1.57 | BB0B{14TE8 | ~= 488 | 702 | 2607 | 1325 [ 1005 | 1111(45,66|48.07| .7842}2.38%| 3702| 2a.7|1¢72| 60,76 v 1.181
1.57 | S808(16QR | —ua 464 | 704 | 2680 | 1380 | 1151 | 1171|48,31(46.78 ,7718(A,311| 3632 22.2{1844| B7.08 0098 [1.178
1.57 | SR0R(1720 | -~ 483 | 709 | 2702 | 1440 | 1185 | 1224|45.69(46.17| ,.7706(2.280] 3553 20.1{1814| 61.47 QLo [1.178
1.57 | 4728) 11| 787 483 814 | leld | 987 755 | 841|35.07|33.27( .7792(2.14B( 3482| 19,8|1108| 0,83 0080 |1.174
1.57 | 4718 743 | 783 AB5 ( 814 | 1828 | 1003 788 | 857(3%.31| 33,82 .7790|2,120| 3425 19.%|1124 A2 . 1.170
1.57 | 4719 BS1| BO1 484 [ 819 | 1882 | 1087 020|35.24 | 33.40|. ,77T04|2.041| 3328| 18.4|1184| BO.67 £007] |1.180
1.37 { 4718( B1T| 788 468 | 625 1696 | 1160 662 | 995(32.14(32.59| .80T2|1.970( 5212 18.0|1Rs2| 80,88 0079 1,158
1.37 | 4719{105%0| B8O 482 827 | 1780 | 1200 930 | 1083/32,08| 52,38 | .6084)1.925| 3150( 15.5|1549( 89.07 0001 (1.0
1,57 | 5850] 898 | 18 482 | b48 | 1083 | &eQ 850 25.71(25.87 .7704|1.646| 2904 12.8| 922( 56.83 ,0068 (1,111
1.57 | 5850] 817 781 463 | B8 | 1110 | &m0 877 | 787|25.468{23.85| ,7587]|1.840| 2654| 13.0| 9s55| 57,96 L0078 (1,108
1.37 | 5450 &38| 777 463 | 551 | 1138 | 917 71k | 854(22,85|23.11| .7438|1.801| 2782| 1e.1|1028| B7.58 0079 [1.100
1.57 | 5850 875 | 7TER 462 | 553 | 117% | 948 741 | 857(R5.29|25.58( .7752|1.681| 2713| 12.3|1082| 57.88 W0080  (1.108
1.87 | 7280712245 | T8 436 | 765 | 5488 | 1530 | 1287 | 1£39|57.52|58.04 | .8435|2,8856] 4324 27.7|1741| 82.28 0108 [1.258
1.87 | 6D |251s | 751 458 | 787 | X528 | 1580 | 1537 | 1302(57.25|87.88 | .8250|2.837| 4346| 28.7|1797| 832.28 0115  [1.281
1.67 | 7280|2500 | 783 458 | 780 | 8574 | 1850 | 1384 | 1389|57.55|58.04 | .8039|2.582| 4172| 26.1)1a48%| 82.50 012k (1.214
1.87 | 72802 782 456 | 792 | 5822 | 1630 1430 | 1369 )87,59(58.12) .841a|2.535| 4176| 25.1|1883) sa.04 0127 (1.2
1.67 |"7a60-R7a8 | 791 |.458 | 786 | 35882 |172G| 1471 | 14P7[E7.18|57.8% . 2,605 4007| 28.4[1047| a7.25 L1355  [1.205
1.87 | 7260{308Q | 789 480 | 808 | 3744 (1810 ( 163 | 1507(56.81|57.87| .8536(|2.411( 4000| o5.2|2042| 82,84 »Q161  [1.201
1,87 | 889T7{1B98 | 780 4807 788 | —=u= | 1445 | 1258 | 1178|586 ,40|58,55 [wremew | —memm| 4222| 28.8[1828| <nmo- ,0098 11.225
1.67 | 68897({R270 | 780 480 | 768 | 3407 | 1548 | 1334 | 1277(B6.38|87.01| .8167|2.564| 408€| 25.6|1746/ 82.3% ,0112 |l.218
1.87 | 6897|2840 | 730 450 | 773 | 3825 | 1645 | 1441 |1370(56.50)87.21 | .8167|2.4458| 3B74| 24.8|1887]| B2.70 0128 |1.199
1,37 | 8E8BT7(RB45 | 708 450 | 780 | 3850 | 1750 | 1533 | 1448|88.75|67.64 | .8393|2.588| =8ez| 24.0|1988| 82.85 L0839 1,195
1.87 | 68ev|soxa| 781 458 | 767 | 3724 | 1795 | 1601 |1506(56.28(57.12 [ .6449)2.585( 3817| 25.9(2024 | 82.07 0148 (1,181
1,87 | 8353|1828 | 781 459 | 721 | RM5 |1R70 | 1132 {1031|52.88|55.51 | .8353|2.600( 4128| 28.3{1438| 80,86 ,00BB |).232
1.87 | 6353|1860 | 754 482 | 783 [ 3045 | 1428 | 1254 | 1186 [6R.64¢|65.18] ,8112|2.488( 3807| 2¢.6{1808 | 52.88 L0089 |1.205
1.67 | 8553[2100 | 788 <56 | 758 | 3130 | 1500 | 1316 | 1957(82.28|52.86| .8088|2.3080( 3820| 23.9|1695| 52.08 0112 [1.183
1.87 | 6355|2220 | 791 450 | 756 | 3172 |154% | 1387 | 1298 |52.42|65.Q4 | ,81988|2,338| 3788 ©35,5[1744 | 52,41 0118 (1,181
1.67 | 6355 (2410| 789 459 | 745 | 3283 (1820 | 1428 |138%(52,18|52.85 | .8308|2.288] 3638| 22.9(1a31 | B2.04 0lge |l1.le?
1.67 | 6808 (1200 | 784 482 | 881 | 2432 | 1180 971 ] 939(40.70|47.041 .6335|2.505| 59%¢| 2¢.6(1203| 61.67 0072 !l.226
1.87 | B3O8 |1301 | 792 481 | 68¢ | 2476 | 1200 | 1009 | 987 |46.58|48.92 | .8287|2.464| 3873| 2¢,0|1361] 81.84 .0078  |1.218
1.67 | 36001427 | 7m 481 | 898 | 2632 | 1287 | 1081 | 1057 46.45|45.85 | 8024 (2.386| 5779| 2¥.2|1427f &2.14 0083 [1.189
1.87 | 5808|1680 | 704 460 | 890 | 2677 | 1530 | 1112 |1l2x|46.52|46.95 | .7825|2.317| 5895 22.2|1m00} 82.78 ,0083 |l.184
1.87 | Bgoa (1881 | 792 4680 | 695 | 2629 | 1580 | 1157 |1179|46.22|46.89 | .7885(2.272] 3817| =21.7|1%eB 0 HOW01 i1.179
1.87 | 4719 790 | 792 457 | 807 | 1632 | 988 775 | 8B0|53.B1[33.75| .7642|2.110| 3442| 19.0|2150( #1.08 L0083 |1.271
1,87 | 4719| BOD | 788 457 808 | 1602 | 1010 777 | 060]35.35|33.57 | .7922|2,082| 3415 18.7|1147 | 62.43 0087 |l1.168
1.87 | 4718 BBa | 784 487 | 810 | 1807 1043 787 | BOQ[38,16(33.39 | .7870|2,016] B3&4| 18,.2!1116%| 6R.92 0071 |1.18%
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TABLF I. - VARIABIE-AREA TORBINE PERFORMANCE - Concluded W

33

9T

Altitude| My Po Turbine| N ¥ Pa T | T g ko Pg Tg | Wa,1 ‘5_5 Ne P_tf’a%_ aHy | 5 |W 5vFE Wy Ts
(re) 1 \|nezzle |(rpm) (1 b ) (°r} |(°R) ( v J {°R) (llb r} (°R) (_ﬂ) (__‘n_) s i %5 | B2 To\ Va L USB00]| T
53 area Er/ |\8q TT aq T q Tt a8c) | \Bac {zpu) (%8} s Tl')
(sq ) (Bm) "
: T5 (lb )

50,000 [0.618] B04 1.87 | 4729] 960| 781 | 468| 615 1673] 1150| 856 | 96B|32.22|52.45[0.7604|1.964| 3258| 16.8|1279| 61.45 0.0063 [1.14d
.642| 805 1.87 | 4719|1180| 795 | 457| 623| 1816} 1285| 960 | 1121!31.65|31.87) .7252|1.892| 3074| 18.0|1455| 59.08 0102 [1.127
824 808 1.687 | 3s%0| e10| 791 | 459| 243] 1007| @27| — | 755|24.,24{24 .41~ -—-=| 2892 12,0| 935 59.74 0070 |1.098
.818| 810 1.87 | sas0| 20| 780 | 458| 545] 102| es0| 681 76B[24.22|24.38| .7116{1.618( 2870| 11.8| 949| 59,92 007k |1.098
.829| 807 1.87 | 3530| s40| 792 | 458| 542| 111 | ass| 881 | 782|24.31{24.49| .6904|1.608| 2847| 11.6| 968| s0.21 0073 |1.093
.621| 608 1.87 | s630| gra| 788 | 458) s44| 1129 | soo| 74| sos|os.78|om.es| .ees4|1.se1| 2777| 11.0|101%| 59.61 L0078 |1.081
R 8 1,57 | 733 792 59] 549 975| 746 | .10(2%.30] .7213%/1.574| 2873| 11.3]1102] 58,10 0088 |1.082

40,000 o.ﬁ 76 1,20 | 7260[1283] 408 436 680]. 1097 | l14&7 595_1%% L63(21.04] .6167| 2.57% L AT 56.4T o) Bk B 3
3271] 315 1.20 | 7260)1370| 404 | 43¢| 788 1643| 728 | 1335[30.20|30.58| .8131|2.809| 4l82| 27.9]1955| 57.76 L0128 |1.231
5Lk|  Z76 1.20 | 7250|1439 | 408 | 438{ --~] 2096 | =——-| 747 | 1382[30.52|30,08] «womana| 2.B0B| —om| rumfomun| oo 0181 |—mamm
.512| 78 1.20 | s897|1170| 405 | 434| 897 1911 | 1450| 868 | 1201{30.11|30.44| .6688|2.868( 4238| 25.4|1712| 57.0% L0108 |1.181
.51 385 1.20 | ce97|1851] 428 | 434 | 707| 2235 1880| a55 | 1442|31.41(51.87| .6€12|2.614| 3834 20.8|2011( 55.78 0146 |1.165
344|875 1.20 | 6555| 948] 407 | #x3| 678| 1e99| 1288| slo [ 1os2{28.62(28.88] .7000|2.785) 4DaB| £3.8 57.64 0082 |1.200
.544| 378 1.20 | e365|1197| 407 | 434| 668 1825 | 1458| 598 | 1264|28.56(28.91 .e301|2.623| mas7| 20.7]1757| 57.66 .011€ |1.181
541 m7% 1.20 | smca| 791 408 | 435| 670| 1435 ['1248| 543 | 2028|24.75(24.97| .7782|2.e45| 3804( 24.0|1488] 57.95 0088 |1.214
341 378 1.20 | 5eoa| 970| 408 | 434| 668| 1489 | 1415| 807 | 1207|24.23|24.80| .7050] 2.483| 3680| 21.0/1854 | 56.64 L0111 [1.172
340 375 1.30 | 7e80|1531| 408 | 42| 677| 1842|1515} €97 50.59(30.96] .596%|2.786| 4348| 19.7|1780| 58.90 .0121 |1.160
.387| 3Im 1.30 | 7280|1446 420 | 437| 687| 2047 | 1842| 752 | 1340|31.67(52.07] .5802|2.722| 4511} 18.4|1832| S8.48 0127 {1.1%1
505|352 1.30 | 7260|1582 418 | +40| e70| 2085 | 1s22| 798 | 1420|31.32|31.75| .5722|2.642| 4211| 1B.5|1912| 58,11 0139 |1.l42
5334 368 1.30 | 7280|1717 417 | 441} 74D| =21as | 1775| 854 | 1910|30.99|31.47] .7126|2.5T%| 4038| 22.3|2089| 59.01 0154 {1.175
.2B8| 387 1.30 | eBB7]12%0| 40% | 435| ée8| 1891 | 1442| 689 ) 1959|30.40|30.74] .6123|2.745| 4224 | 20.6|1719| 56.53 0112 |1.164
.588] 403 1.30 | 6867|1581 434 | 439| &78| 2029 |1500| 785 | 1289(|32,10|32.48| .6326|2.652| 4147] 20.6(1773| 58.87 L0118 [1.164
.3268| 394 1.30 | 6697|1520 424 | 437| 671| 2061 | 1608| 208 | 139a|3L.44|31.88] .4190|2.561| 4015| 19.0|1910| 68,88 .0134 |1.i50
.311) 383 1.30 | 6a97|1622| 408 | 435| 672| 2055 | 1650| 830 | 1461|30.21|30.66] .6100|2.474| 3928 | 18.1{2014 | 58.82 0145 |1.142
527 373 1,30 | ess%{ pea| 401 | 4s8| 871| 1843 | 1323 809 | 110B|28.29|28.56] .7030)a.698| 4058| 20.8]1575] 59.75 0085 |1.183
551 379 1,30 | 6385/1100| 415 | 38| 872| 1742 {13s8{ &70 | 1190|28.99[29.30| .8742|2.600| 3948 | £1.6]1666 | 59.56 0105 J1.175
.381| 368 1,50 | 5808| Boe| 407 | +35| s61] 1400 |1240| 546 | 1050|25.18{25.40| .7617|2.564%| 3815| 23.5|1478 | 60.28 Q089 |1.204
338|374 1.50 {5808] 970| 405 | 435| 8gw| 140 | 1402} 813 | 1oon|24.22124.49| .7120|2.382| 3603| £1.2{1671( 50.51 0111 |1.168
TR 1.87 | 7280[1423| 405 | +38| 778| 1884 | 1837 714 | 1358|30.72|31.12| . 2.859| 4192 27.0(1948 | 63.64 0128 §1.225
.548| 573 1.67 | 1260|1820 s | 458| vas| 1086 | 177 789 | 1493|30.45/30.90] . 2.498| 4015 | 25.4|2151 | 62.71 .08 11.204
.538| 579 1.67 | 726011750 5 | 457 791| =204 |1870| &3¢ | 1562|30.52|31.01| .8343|2.447) 3941| 25.0|2022] e2.67 L0189 [1.197
.257 1.67 | 8897 7 | ¢38] 7a7| 107 [1550] 682 | 1278|30.25(30.62] ,80¥9|2.81%| 4083| 25.9/1845 | £5.38 0122 11.213
.341| 375 1.87 | ea97iisag 7 lasaf7es{ 1825 [1755] 7901 L469|30.13|30.56] .51F5|2.434| 3858| 24.4|2081{ 63.50 L0144 41.186
.3%8| ae2 1.87 | 6887|1725 439| 71| 2025 |1a2s| esa | 1538]50.60|31.08] .7957|2.414| 3787| 23.8 62.70 .0167 l1.185
.538| 374 1.87 | E353]1052 3 | 439| 57| 1s2¢ | 15708 838 ]1168|28.48|28.77] .5378|3.541| 3mas| 21.d|1e19 | 62.03 0103 l1.1v5
.528| 1377 1.87 { e353]1287 :Eg 437| 672| 1704 |1515] 710 | 1309]28.48|28.31} .5778]3.400 20,1 |1800 | &2.50 .24 11.157
.581] 373 1.67 | 63831551 438 726 | 1766 |16%3| 7€l 28.54|28.9%| .7963|2.3507| 3874 | 22.7|1857] e3.38 1 .fa3% 11.178
538] 373 i.ar 5808 las¢ :g: a3a| s8s| 1382 |1273| B5e | 1071|25.09|25.35] .7552|2.441| 3771| 22.5|12805 | 62.66 .009%  |1.189
. 73 .87 | 3808|1228 438| B70 | 1488 | 1623 | @e4 | 1420{98.87|24.01] .7144|d.140] s367] 18.5]|1825] 62.03 0144 11,143

LY el o.fﬁ“‘?m 1.30 | 726011088 | 306 | 455| 809 | 1520 |1720| 565 ﬂ%ﬁ.n 53 .05]5. B, 700 40P6| 27.4|197% | 59.53 0.01% |1.Z228|
18| 297 1.30 | 7260|1160 300 | 4535| 816| 1528 |1e05| 575 | 148%|22.30|a2.65] .a22a(2.839| 4009] 26.5(/2083 | 60.06 0147 |1.204
.130| 295 1.30 | 7260|1370 | =297 | 452| 822| 1589 (1830 | e=24 | 1812|22.335|22.61| .8078|2.546| 3884 | 25.2|2214 | 59.87 .0171  |1.197
25| 312 1.50 |ese7| 970 318 | 456| 781| 1472 |1560| 536 11271(22.80)25.07| .8124|2.751| 4071| 27.2|1743 | 58.82 0118 |[1.227
52| 32 1.50 | 6897(1072| 307 | 454| 787| 1500 |1es6| 565 | 1300|22.91|25.R1 .8l42(2.555 | s9s2| £8.4 1882 59.96 0130 |2.217
152|512 1.30 | ee97|1126| 317 | 45¢| 792| 1526 |1897| 662 | 1400(22.91|25.22( .8128|2.522| 3817 | 26.1[|1940 | 59.77 0137 [1.212
52| 312 1.30 | ea97|1172| 317 | 454] 798| 1571 [1740| 612 | 1440[22.91|25.84| .B202(2.567| 3870| 25.8|1989 | 58.85 0142 |[1.208
.152| 508 1.50 | 6353 318 | 44B| 750 | ——-= |2427| 4208 | 1177}21.97|22.20|-r~m~m-]|-n-~=| 3510| 25.5|1652 | —---- 0107 [1.212
A25| 503 1.50 | e353| 870 308 | 444 | 754 | -—-— |1480| 447 | 12R9}21.58]21.92| ~meemn]mmmnm 5845 | 23.5]|1730 | -——n- L0111 [1.204
.138| 31s 1.87 | 7280|1318} %18 | 4s8| 798| 1580 |1810| 674 | 2%02|23.95|24.30| .7718|2.718| 4000 | 26.5|2107 | 63.39 0153 |[1.208
.160| 3508 1.87 | 7260|1248 211 | 448| 787| 1501 |1770| S03 | 1472]25.42|25.77| .7045|2.984 | 4042 | 25.1|2080 | 63.62 0147 |1.202
.169] 508 1.67 | 6897|1218 | 334 | 45| 673 | 1443 2535 | s28 | 1359|2.97|25.28] .sas2|2.5a6| 4081 | 18.9|18135 | 60.52 0135 [1.144
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Flgure 1. - Installation of turbojet englne in altliude wind tuonel,
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Alr flow

Figure 2, ~ Top view of turbojlet-engine Installation showlng statiéms at which inatrumentation wae Installed

Inlet-sir duct Canpressor Combustor Turbine-
2 3 4 S &
- 1 l
o | L
I
Station Location Total Statle Wall static | Thermo-~
preseure | presgure | pressurs couples
tubes tuben orifices
1 Inlet-alr duct 29 12 4 10
2 Engina Inlet 18 0 4 0
3 Compressor inlst 23 3 7 0
4 Cammrassor outlet 15 0 2 6
5 Turbine inlet 5 0 0 c
8 Tuxrbine cutlet 20 0 8 24
T Exhaust~-nozele outlet 16 2 8 0
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NACA RM ES52J20

19

(2) FPirst-stage turbine rotor.

Flgure 3.

- Photographs of turbine rotors.
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(b) Second-stage turbine rotor.

Flgure 3. - Concluded.

Photographs of turbine rotars.

NACA RM ES52J20
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<NNERENED NACA RM ES52J20

Flgure 4. - Concluded.

(b) Closed.

Photographs of variable-area turbine nozzles.
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Main asctusating shaft

A ~—Engine outer skin

Rozzle actueting

Turbine-inlet-annulus
outer skin

Variable-area turbine-
nozzle vane

inner skin

Figure 5. - Schematic sketch of varisble-area turblne-nozzle
setuating wmechanism.
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{v) side view of vane (actual
size}.

{a) Mid-vene cross-sections of two adjacent
vanes (2% times actuel size).
Flgure 6. - Sketches of wvarishle-area turbine-nogzzle venes in open and closed positions.
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Five boundary-layer
total-pressure tubeg

¢
66)..\600
(2) Station 1, cowl inlet. Disame- {b) Station 4, compressor outlet.
ter, 34 inches; location, 6 lnches Passage height, 3%. inches; loca-
dowvnstream of cowl-inlet flange.

tion, 1/2 inch downstream of
trailing edge of fixed vanes.

O Total pressure
@® Static pressure

X Thermocouple
C3
Oog,;
/c;o’}

(c¢) Station 5, turbine inlet. Pas- {d) Station 6, turbine outlet. Pas-
sage helght, 6% inches; location, sage height;, Sg inches; location,
1.;2'-_ inches upstream of leading 3% inches downstream of treiling
edge of first-stage turbine-nozzle edge of turbine rotor.
dlaphragm.

Figure 7. - Location of instrumentation (view looking downstream).
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Corrected turbine gas flow

Corrected turbine gas flow

Turbine efficiency, Tt

] NACA RM ES52J20

Measured turbine-
nozrle area
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Corrected turbine speed, N/af6s5, rrm

Figure 8. - Effect of turbine-nozzle area and corrected turbine speed on corrected

Effective turbine-noxzle area, sq £t
64
3] l._25
& 1.23 :
3 .
3 1.20
. A
ol 60 >
S 1.17/
e
=
o 1.}1%
58

turbine gas flow. Altitude, 30,000 feet; flight Mach number, 0.62.

1.1 1.2 1.3 1.4 1.5 1.6 1.7
Measured turbine-nozzle area, sq ft
Flgure 9. - Variation of maximum corrected turbine gas flow or effective turbine-
nozzle area with measured turbine-nozzle area. Altitude 30,000 feet; flight
Mach number, 0.62.
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4 4 4 é’
.60 -
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K A NG
22 |o N
.70 °9o W

2600 3000 3400 3800 4200 4600
Corrected turbine speed, K/af65, rpm

Figure 10. - Effect of turbine-nozzle area and corrected turbine speed on turbine
efficiency. Altitude, 30,000 feet; flight Mach mumber, 0.62.
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(2) Variation of turbine pressure retio with corrected
turblne speed at constant engine speeds.
-90
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5
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@ (b) Varistion of turbine efficiency with corrected tur-
E blne speed at constant engine speeds.
.9 T
g Turbine pressure ratio l 2.8 2.9
2.7
2.6 L
<
.8
2400 2800 3200 3800 4000 4400
Corrected turbine speed, N/A/GS, pm
{c) Cross plots showing variation of turbine efficiency
wlith corrected turbine speed at constant values of
turbine pressure ratio.
Figure 11l. - Effect of various parameters on turbine pressure retio and turbine

efficiency. Altitude, 30,000 feet; flight Mach number, 0.62; turbine nozzle .
area, 1.15 squdre feet.



Turbine pressure ratio, Pg/Pg

Turbine efficiency, Nt

JETNE NACA RM E52J20

5.2 Engine speed
(rpm)
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O 86353
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(a) Varlation of turbine pressure ratioc with corrected
turbine speed at constant engine speeds.
.90
O
0
‘-(>-A?
.80 A Q
%l T,
al
.70
(b) Variation of turbine efficlency with corrected tur-
bine speed at constant engine speeds.
' T
Turbine pressure ratio
2.5 .2,5—2:7
|~ *::EEFE;;’
.80 l
2400 2800 3200 3600 4000 4400

Corrected turbine speed, N/A/95, rpm

(c) Cross plots showing variation of turbine efficiency
with corrected turbine speed at constant values of
turblne pressure ratio.

Figure 12. - Effect of various parameters on turblne pressure ratio and turbine
efficiency. Altitude, 30,000 feet; flight Mach number, Of62; turbine nozzle

ares, 1.20 square feeb.
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Turbine pressure ratio, Ps/Pg

Turbine efficiency, Ny

Engine speed
(rpm)
lo) 7260
o 6897
Lo 6353
2.8 A 5808
4 4719
a 3630 /‘3
v 5/9/
2.4 s °/‘
2.0 /’AA
A/
1.8 =g
(a) Varistion of turbine pressure ratio with corrected
turbine speed at constant engine speeds.
.80
1=
(m} P
B o
4A
-60 A, / N
a | T °T @
.70
(v} Variation of turbine efficiency with corrected tur-
bine speed at constant engine speeds.
.90 1 T
Turbine pressure rati .
P © . 25 is 2.7
2. T
A7 s
.80
2400 2800 3200 3600 4000 4400
Corrected turbine speed, N//\/ 65, Tpm
(c) Cross plots showing variation of turbine efficiency
with corrected turbine speed at constant values of
turbine pressure ratio.
Figure 13. - Effect of various parameters on turbine pressure ratio and turbine

efficiency. Altitude, 30,000 feet; flight Mach number, 0.62; turbine nozzle
area, 1.30 square feet.
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NACA RM E52J20
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Englne speed
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6897
6353
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1.6

Turbine pressure ratio, Pg/Pg
[aV]
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1.2
(a) Variation of turbine pressure ratio with corrected
turbine speed at constant engine speeds.
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a 5
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[aq
5
&
) .70
8 (b) Variatiorn of turbine efficiency with corrected tur-
& bine speed at constent engine speeds.
a .90 13
?;j Turbine pressure ratio
P 2.5 2.4 [2:5, ¢,
a / / 4 2.7
/ / -
.80 ( IZ
2400 2800 3200 3600 4000 4400

Corrected turbine speed, N/af6s, rpm

(c) Cross plots showing varigtion of turbine efficiency |
with corrected turbine speed at constant values of

turbine pressure ratioc.

Figure 14. -~ Effect of various parameters on turbine pressure ratio and turbine efficlency.
Altitude, 30,000 feet; flight Mach number, 0.62; turbine nozzle area, 1.37 square feet.
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Turbine pressure ratio, Pg/Pg
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(2) Variation of turbine pressure ratio with corrected
turbine gpeed at constant engine speeds.
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P
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Turbine efficiency, 1y

-60 (b) Variation of turbine efficiency with corrected tur-
bine speed et constant engine speeds.
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Corrected turbine speed, N/af6s5, rrm

(c)} Cross plots showing variation of turbire efficiency
with corrected turbine speed at constant values of
turbine pressure ratio.

Figure 15. - Effect of various parameters on turbine pressure ratio and turbine effieciency.
Altitude, 30,000 feet; flight Mach pumber, 0.62; turbine norzle area, 1.67 square feet.
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Turbine efficiency, 0y

GANNSRIN NACA RM E52J20

Megsured turbine- .
nozzle ares
(sq £t)
[o] 1l.87
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.90
4 Ol s
}/ 2 -EE_
4~ 4
.80
(a) Turbine pressure ratio, 2.7.
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.80
(b) Turbine pressure ratio, 2.8.
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4 oS
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(¢) Turbine pressure ratio, 2.5.
.90 r
,n”Q«p{}o
.80 o

.70
3400 3600 3800 4000 4200 4400
Corrected turbine speed, NANIBS’ TP

(d) Turbine pressure ratio, 2.4.

Figure 18. - Effect of turbine-nozzle area and corrected turbine speed on tur-
bine efflclency at constant values of turbine pressure ratio. Altitude, .
30,000 feet; flight Mach number, 0.62.
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Turbine efficlency, 1+

Turbine nozzles
0 Fixed
a Variable
.90
(o} °-—___.___o
r Tl T —
6 | o
.80
.70 i

3800 3900 4000 4100 4200 4300 4400
Corrected turbine speed, N/pffg, rpm

Figure 17. - Comparlson of efflclencies obtained with fixed turbine nozzles
and wlth varigble-area turbine nozzles for an gctusl turbine-nozzle area
of 1.30 square feet. Altitude, 30,000 feet; fllght Mach number, 0.62;
engine speed, 7260 rpm.
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